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1
METHOD FOR PROGRAMMING
NON-VOLATILE MEMORY WITH REDUCED
BIT LINE INTERFERENCE AND
ASSOCIATED DEVICE

BACKGROUND

Non-volatile memory devices, such as flash memory
devices, store data in cells. The cells generally comprise
semiconductor material configured to allow the cell to be
placed in a particular state and allow that state to be read at
a later time. For example, a cell having two states (e.g., 0 and
1) may be placed in a particular state by iteratively applying
a programming voltage across the cell. At a later point in
time, a reading voltage may be applied to the cell and the
resulting current across the cell may be determined to
determine the state of the cell. The reading voltage may be
greater than the threshold voltage for one state and less than
the threshold voltage for the other state. If the current
resulting from the applied reading voltage is low or approxi-
mately zero, it is determined that the cell is in one state and
if the current is not low, than it is determined that the cell is
in the other state. Multi-level cells (e.g., cells having more
than two states) are also known and commonly used.

When a number of cells are combined to form a memory
device or a memory chip, coupling between cells can occur.
For example, cell-to-cell interference, such as bit line inter-
ference has been attributed to a parasitic capacitance cou-
pling effect in which the threshold voltage of one cell is
changed by a shifting the threshold voltage of a neighboring
cell. This may cause the victim or attacked cell to be over
programmed or placed in the wrong state.

Various attempts to reduce bit line interference have been
made. These attempts focus on topology tuning such as
including an air-gap or a deeper control gate plug between
field gates. However, too deep a control gate plug or a
non-uniform air-gap will degrade cell reliability and perfor-
mance.

Therefore, there is a need in the art for methods, devices,
and/or the like for reducing bit line interference. In particu-
lar, there is a need in the art for methods, devices, and/or the
like for reducing bit line interference without degrading cell
reliability and performance.

BRIEF SUMMARY

Embodiments of the present invention provide methods,
devices, and/or the like for reducing the bit line interference
when programming non-volatile memory, such as flash
memory. In particular, embodiments of the present invention
utilize an incremental step pulse programming (ISPP) opera-
tion scheme that reduces the range of threshold voltages for
set of cells being programmed.

In one aspect of the present invention, a method for
reducing bit line interference when programming a non-
volatile memory device is provided. In one embodiment, the
method comprises providing a non-volatile memory device
comprising a set of cells, each cell associated with a bit line.
The method may further comprise shooting a programming
voltage across each cell of the set of cells; detecting a
threshold voltage for each cell; identifying a fast subset of
the set of cells and a slow subset of the set of cells based at
least in part on the detected threshold voltage for each cell;
and shooting the programming voltage until the threshold
voltage for each cell of the set of cells is greater than a verify
voltage. For each shot a fast bit line bias is applied to the bit
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2

line associated each cell of the fast subset and a slow bit line
bias is applied to the bit line associated with each cell of the
slow subset.

In another aspect of the present invention, a non-volatile
memory device with reduced bit line interference is pro-
vided. In one embodiment, the device comprises a plurality
of memory cells; and a chip controller. The chip controller
is configured to program a set of cells of the plurality of
memory cells by shooting a programming voltage across
each cell of the set of cells; detecting a threshold voltage for
each cell; identifying a fast subset of the set of cells and a
slow subset of the set of cells based at least in part on the
detected threshold voltage for each cell; and shooting the
programming voltage until the threshold voltage for each
cell of the set of cells is greater than a verify voltage. For
each shot a fast bit line bias is applied to the bit line
associated with each cell of the fast subset and a slow bit line
bias is applied to the bit line associated with each cell of the
slow subset.

In yet another aspect of the present invention, a method
for reducing bit line interference when programming a
non-volatile memory comprising multi-level cells is pro-
vided. In one embodiment, the method comprises providing
a non-volatile memory device comprising a set of multi-
level cells. Each cell is associated with a bit line and each
cell is associated with a data state to which the cell is to be
programmed. The method further comprises determining
that the cells are to be programmed from the OIL state;
identifying any cells having a threshold voltage greater than
a verify voltage corresponding to the data state associated
with the cell and creating a set of uninhibited cells by
inhibiting the programming of the identified cells; shooting
a programming voltage across each cell of the set of unin-
hibited cells; detecting a threshold voltage for each cell of
the set of uninhibited cells; identifying a fast subset of the set
of uninhibited cells and a slow subset of the set of uninhib-
ited cells based at least in part on the detected threshold
voltage for each cell; and shooting the programming voltage
until the threshold voltage for each cell of the set of
uninhibited cells is greater than a verify voltage correspond-
ing to the data state associated with the cell. For each shot
a fast bit line bias is applied to each bit line associated with
a cell of the fast subset and a slow bit line bias is applied to
each bit line associated with a cell of the slow subset.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Having thus described the invention in general terms,
reference will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIG. 1A provides a schematic diagram of a memory cell
in accordance with an embodiment of the present invention;

FIG. 1B provides a schematic diagram of a non-volatile
memory device in accordance with an embodiment of the
present invention;

FIG. 2 provides a flowchart of processes and procedures
that may be completed in accordance with an embodiment of
the present invention;

FIGS. 3A and 3B illustrate the threshold voltage distri-
bution of a set of memory cells at various steps in the
flowchart shown in FIG. 2;

FIG. 4 provides a flowchart of processes and procedures
that may be completed in accordance with an embodiment of
the present invention; and
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FIG. 5 illustrates the threshold voltage distribution of a set
of memory cells at various steps in the flowchart shown in
FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all embodiments of the inventions are
shown. Indeed, these inventions may be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements through-
out.

FIG. 1A illustrates a memory cell 100 that may be used in
accordance with various embodiments of the invention. In
some embodiments, the memory cell 100 is a single-level
cell (e.g., the cell may be placed in either state O or state 1).
In other embodiments, the memory cell 100 is a multi-state
cell (e.g., the cell may be placed in any of states 00, 01, 10,
or 11; or the cell may be placed in any of states 000, 001,
010, 011, 100, 101, 110, or 111; and/or the like). The
memory cell 100 may comprise a substrate 110, a source 120
electrically connected to ground 180, and a drain 130
electrically connected to a bit line 160. The memory cell 100
may further comprise a field gate 140 and a control gate 150.
The control gate 150 may be electrically connected to a word
line 170. In various embodiments oxide or dielectric layers
may separate the field gate 140 from one or both of the
substrate 110 and the control gate 150. As should be under-
stood, aspects of the present invention may be employed
with a variety of non-volatile memory cells.

A series of memory cells 100 may be grouped into a page
and multiple pages may be combined to provide memory
storage or a memory device. One or more pages may be on
a chip having and/or in communication with a chip control-
ler 305 to provide memory storage or a memory device. For
example, as shown in FIG. 1B, a memory device 300 may
comprise a plurality of memory cells 100A, 100B, . .., 100N
in communication with a chip controller 305. In various
embodiments, the chip controller 305 may be a memory
controller, flash memory controller, and/or the like. In vari-
ous embodiments, the memory device 300 may comprise
other components for storing, programming, processing,
and/or the like.

As noted above, bit line interference reduces the reliabil-
ity of a non-volatile (e.g., flash) memory device. The bit line
interference voltage, Vg, ~AV *0g,, where oy, is the bit
line coupling ratio and AV, is the difference in voltage
between the program verify voltage PV and the threshold
voltage V. of the cell having the lowest threshold voltage
V . pin When the cell having the largest threshold voltage
V 7. max has a threshold voltage equal to or larger than PV. For
example, as shown in FIG. 3B, AV,=PV-V, . when
V . maxzPV. The present invention reduces the bit line inter-
ference voltage Vz;, by reducing AV by using an operating
scheme without affecting or without significantly affecting
the cell or memory device performance.

FIG. 2 illustrates a flowchart of various processes and
procedures that may be completed to program a set of
memory cells with reduced bit line interference, in accor-
dance with various embodiments of the present invention.
FIGS. 3A and 3B schematically illustrate some of the
processes and procedures shown in FIG. 2.
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Starting at step 202, the programming voltage PGM is
dumped. For example, the programming voltage PGM may
be applied to the set of memory cells to be programmed for
a predetermined period of time (e.g., 150 ns and/or the like).
For example, a chip controller 305 may dump PGM for a set
of memory cells to be programmed. At step 204, the thresh-
old voltage V. for each cell in the set of memory cells is
detected. For example, the chip controller 305 may detect a
threshold voltage V . for each cell in the set of memory cells.
FIG. 3A shows the distribution of threshold voltage V ;. for
the set of memory cells to be programmed as a result of the
first shot of PGM (1* PGM shot) (e.g., the PGM dump of
step 202). The detected threshold voltage V ;. for the cells in
the set of memory cells includes slower cells having a lower
detected threshold voltage V, and faster cells having a
higher detected threshold voltage V..

Returning to FIG. 2, at step 206, the set of cells to be
programmed is divided into two or more subsets based on
the detected threshold voltages V. For example, the chip
controller 305 may divide the set of cells into two or more
subsets based on the detected threshold voltages V., In
various embodiments, a cutoff voltage V. may be defined
such that cells having a threshold voltage equal to or greater
than the cutoff voltage (V,=V,) are in one subset and cells
having a threshold voltage less than the cutoff voltage
(V;<V_) are in another subset. For example, in various
embodiments, the chip controller 305 may define the cutoff
voltage V. In various embodiments, the cutoff voltage V_
may be selected based in part on the detected threshold
voltages and/or such that approximately half of the cells are
in each of the fast and slow subset. In one embodiment, the
cutoff voltage V_ is predetermined. In various embodiments,
the threshold voltage of a cell may correspond to the speed
of the cell. For example, cells having a larger threshold
voltage have a larger speed and/or be faster. Thus, the subset
of cells having V =V _ may be termed the fast subset and the
subset of cells having V,<V_may be termed the slow subset.

In various embodiments, the memory cells may be
divided into more than two subsets. For example, the chip
controller 305 may divide the set of memory cells into three
or more subsets. For example, the chip controller 305 may
divide the set of memory cells into three or more subsets by
defining two or more cutoff voltages. For example, the
memory cells may be divided into three subsets. For
example, the memory cells may be divided into a slow
subset of cells having V,=V_;, a middle subset of cells
having V_,<V,<V_,, and a fast subset of cells having
V>V _,, where V_, is a first cutoff voltage, V_, is a second
cutoff’ voltage, and V_,<V_,. In practice the number of
subsets is limited to five or less due to circuit constraints of
the memory device and/or program performance require-
ments.

At step 208, information identifying the memory cells of
the fast subset and/or the cells of the slow subset is saved to
cache. For example, a list of cells associated with the fast
subset may be saved to cache and/or a list of cells associated
with the slow subset may be saved to cache. For example,
the chip controller 305 may cause information identifying
the memory cells of the fast subset and/or the memory cells
of the slow subset in cache. At step 210, the bit line bias for
each cell of the set of cells is adjusted based on the detected
threshold voltage of the cell and/or the assigned subset of the
cell (e.g., whether the cell is associated with the fast, slow,
or a middle subset). In various embodiments, the bit line bias
applied to each bit line may be based on the information
saved to cache at step 208. For example, for all of the cells
associated with the fast subset, a fast bit line bias V; » may
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be applied to the corresponding bit line. For example, for all
of the cells associated with the slow subset, a slow bit line
bias V5, - may be applied to the corresponding bit line. If
there are cells associated with a middle subset, then for all
of the cells associated with the middle subset, a middle bit
line bias V; ,,may be applied to the corresponding bit line.
For example, the chip controller 305 may cause a fast bit line
bias V; ,-to be applied to each bit line associated with a cell
of the fast subset and a slow bit line bias V5, to be applied
to each bit line associated with a cell of the slow subset. In
various embodiments, the fast bit line bias is greater than the
slow bit line bias (Vg >V 5). The middle bit line bias
may be greater than slow bit line bias and less than the fast
bit line bias (Vz; >V, 2>V, o) In one embodiment, the
fast bit line bias Vg, »~0.5 V and the slow bit line bias
V5700 V.

At step 212, the programming voltage is shot for each cell
of the set of cells. For example, a second, third, fourth, etc.
programming voltage PGM (e.g., 2? shot, 3" shot, 47 shot)
may be shot across each cell of the set of cells, as shown in
FIG. 3B. For example, the chip controller 305 may shoot the
programming voltage PGM across each cell of the set of
cells while causing the appropriate bit line bias to be applied
to the bit line associated with each cell of the set of cells. For
example, the programming voltage, PGM may be applied to
each cell for a predetermined period of time (e.g., 150 ns
and/or the like as appropriate for the memory cell). The solid
line distributions of FIG. 3B show example distributions of
threshold voltage V. in response to each of the 2”4 shot, 3¢
shot, 47 shot, etc. using the present invention. In the final
solid line distribution shown, the fastest bits have a detected
threshold voltage V ;. greater than the verify voltage PV. The
difference in threshold voltage between the slowest cells and
the verify voltage PV is delta V. The dashed distribution
shows a conventional/traditional distribution (e.g., when the
present invention is not used) of detected threshold voltages
Vwhen the fastest cells have a detected threshold voltage
V - greater than the verify voltage PV. Delta V' shows the
difference in threshold voltage between the slowest cells and
the verify voltage PV for the conventional/traditional dis-
tribution. As clearly shown in FIG. 3B, delta V />delta V.
At step 214, it is determined if each cell of the set of cells
has a threshold voltage greater than a verify voltage PV. For
example, the chip controller 305 may determine if each cell
of the set of cells has a threshold voltage greater than the
verify voltage PV. In various embodiments, the verify volt-
age PV is associated with a particular data state, such that if
a cell has a threshold voltage greater than the verify voltage
and/or within a range at least partially defined by the verify
voltage, then the cell is in the particular data state (e.g., O,
1, 00, 01, 11, 10, etc.). If all of the cells of the set of cells
have a threshold voltage equal to or greater than the verify
voltage (e.g., V=PV for all of the cells of the set of cells),
then the programming is complete, and the process ends. If
not all of the cells of the set of cells have a threshold voltage
greater than the verify voltage (e.g., V<PV for at least one
of'the cells of the set of cells), then the process returns to step
212, and the programming voltage is shot again. In some
embodiments, the programming voltage is shot for all of the
cells of the set of cells. In other embodiments, the program-
ming voltage is only shot for cells with V ,<PV.

In various embodiments, the memory cells may be multi-
level cells. For example, a multi-level memory cell may
have 4 or 8 possible data states. FIGS. 4 and 5 provide a
flowchart and a schematic of an embodiment of the present
invention for use with multi-level memory cells. During the
programming of a multi-level cell, the cell may be tempo-
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6

rarily programmed into the OlL state. For example, the
lower page programming may place a multi-level cell in the
01L state. As shown in FIG. 5, a cell in the 01L state may
have a threshold voltage V . greater than a first verify voltage
PV2 corresponding to a first data state (e.g., 00). As the cells
already having a threshold voltage equal to or greater the
first verify voltage (V ,2PV2) are already in the data state 00,
attempting to program these cells into the 00 data state may
lead to programming or reading errors. The flowchart of
FIG. 4 provides a method for programming multi-level
memory cells while preventing over programming of the
cells. For example, the method for programming multi-level
memory cells while preventing over programming may
include a pre-verify step as schematically shown in FIG. 5.

Referring to FIG. 4, starting at step 402, it is determined
if the cells being programmed are being programmed from
the O1L state. For example, the chip controller 305 may
determine if the cells being programmed are being pro-
grammed from the 01L state, as shown in 510 of FIG. 5. If
the cells are not being programmed from the O1L state, the
process continues to step 408. If the cells are being pro-
grammed from the 01L state, the process continues to step
404.

At step 404, cells having a threshold voltage V. greater
than the first verify voltage PV2 are identified. For example,
the chip controller 305 may identify all the cells for which
V=zPV2. In various embodiments, the cells having V ,=PV2
may be identified by dumping the programming voltage,
shooting the programming voltage, performing a verify step,
based on threshold voltage information from the program-
ming of the lower page, and/or the like. At step 406, the cells
identified as having V ;=PV2 may be inhibited. For example,
the cells identified as having V,=PV2 that are to be pro-
grammed into the 00 state may be determined to already
have been programmed, as illustrated by shaded region 525
of the pre-verify 520 in FIG. 5. For example, the chip
controller 305 may inhibit further programming of cells
having V,=PV2 that are to be programmed into the 00 state.
The cells that are not inhibited may define an uninhibited set.
For example, the set of memory cells other than the cells
having V ;=PV2 that are to be programmed into the 00 state
may comprise an uninhibited set of cells.

At step 408, the programming voltage PGM may be
dumped for the uninhibited set of cells. For example, the
chip controller 305 may shoot the programming voltage
PGM without completing a verify step. At step 410, the
threshold voltage V. for each cell in the set of uninhibited
cells is detected. For example, the chip controller 305 may
detect a threshold voltage V. for each cell in the set of
uninhibited cells. The 530 of FIG. 5 shows the distribution
of threshold voltage V. for the set uninhibited cells as a
result of the first shot of PGM 527 (e.g., the PGM dump of
step 408).

Returning to FIG. 4, at step 412, the set of uninhibited
cells is divided into two or more subsets based on the
detected threshold voltages V. For example, the chip con-
troller 305 may divide the set of uninhibited cells into two
or more subsets based on the detected threshold voltages V.
In various embodiments, a cutoff voltage V_ may be defined
such that cells having a threshold voltage equal to or greater
than the cutoff voltage (V,=V ) are in one subset and cells
having a threshold voltage less than the cutoff voltage
(V<V_) are in another subset. For example, in various
embodiments, the chip controller 305 may define the cutoff
voltage V. In various embodiments, the cutoff voltage V_
may be selected based at least in part on the detected
threshold voltages and/or such that approximately half of the



US 9,437,319 Bl

7

uninhibited cells are in each subset. In one embodiment, the
cutoff voltage V__ is predetermined. In various embodiments,
the threshold voltage of a cell may correspond to the speed
of the cell. For example, cells having a larger threshold
voltage have a larger speed and/or are faster. Thus, the
subset of cells having V,=V_ may be termed the fast subset
534 and the subset of cells having V<V _may be termed the
slow subset 532.

In various embodiments, the uninhibited cells may be
divided into more than two subsets. For example, the chip
controller 305 may divide the set of uninhibited cells into
three or more subsets. For example, the chip controller 305
may divide the set of uninhibited cells into three or more
subsets by defining two or more cutoff voltages. For
example, the uninhibited cells may be divided into three
subsets. For example, the uninhibited cells may be divided
into a slow subset of cells having V,<V_,, a middle subset
of cells having V_<V,<V_,, and a fast subset of cells
having V,2V_,, where V_, is a first cutoff voltage, V, is a
second cutoff voltage, and V_,<Va. In practice the number of
subsets is limited to five or less due to circuit constraints of
the memory device and/or program performance require-
ments. In various embodiments, some of the cells of the fast
subset are programmed to the 00 state and other cells of the
fast subset are programmed to the 10 state. In various
embodiments, some of the cells of the slow subset are
programmed to the 00 state and other cells of the slow subset
are programmed to the 10 state.

At step 414, information identifying the cells of the fast
subset and/or the cells of the slow subset is saved to cache.
For example, a list of cells associated with the fast subset
may be saved to cache and/or a list of cells associated with
the slow subset may be saved to cache. For example, the
chip controller 305 may cause information identifying the
cells of the fast subset and/or the cells of the slow subset in
cache. At step 416, the bit line bias for each cell of the set
of uninhibited cells is adjusted based on the detected thresh-
old voltage of the cell, the information stored in cache, the
subset with which the cell is associated (e.g., the fast subset,
the slow subset, or a middle subset), and/or the like. For
example, for all of the cells associated with the fast subset,
a fast bit line bias V, . may be applied to the corresponding
bit line. For example, for all of the cells associated with the
slow subset, a slow bit line bias V; ¢ may be applied to the
corresponding bit line. For any cells associated with a
middle subset, a middle bit line bias V; ,, may be applied
to the corresponding bit line. For example, the chip control-
ler 305 may cause a fast bit line bias V; . be applied to each
bit line associated with a cell of the fast subset and a slow
bit line bias V; ¢ to be applied to each bit line associated
with a cell of the slow subset. In various embodiments, the
bit line bias applied to each bit line may be based at least in
part on the information saved to cache at step 414. In various
embodiments, the fast bit line bias is greater than the slow
bit line bias (Vz; >V, ). The middle bit line bias may be
greater than slow bit line bias and less than the fast bit line
bias (Vg ~>Vzr 27> Var ). In one embodiment, the fast bit
line bias V; ~~0.5 V and the slow bit line bias V5, ¢=0.0 V.

At step 418, the programming voltage PGM is shot for
each cell of the set of cells. For example, a second, third,
fourth, etc. programming voltage may be shot across each
cell of the set of uninhibited cells, as schematically illus-
trated by 540 in FIG. 5. For example, the chip controller 305
may shoot the programming voltage PGM across each cell
of the set of uninhibited cells while causing the appropriate
bit line bias to be applied to the bit line associated with each
cell of the set of uninhibited cells. For example, the pro-
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gramming voltage PGM may be applied to each cell of the
set of cells for a predetermined time (e.g., 150 ns and/or the
like as appropriate). At step 420, it is determined if each cell
of the set of uninhibited cells has a threshold voltage greater
than the verify voltage associated with the data state to
which the cell is being programmed. For example, the data
state 00 may be associated with a first verify voltage PV2
and the data state 10 may be associated with a second verify
voltage PV3. It may be determined if all of the cells being
programmed to the data state 00 have a threshold voltage
V;2PV2 and it may be determined if all of the cells being
programmed to the data state 10 have a threshold voltage
V=PV3. For example, the chip controller 305 may deter-
mine if each cell of the set of uninhibited cells has a
threshold voltage greater than the verify voltage correspond-
ing to the data state to which the cell is being programmed.
If all of the cells of the set of cells have a threshold voltage
greater than the verify voltage corresponding to the data
state to which the cell is being programmed (e.g., V,=PV2
for all of the cells being programmed to data state 00 and
V=PV3 for all of the cells being programmed to data state
10), then the programming is complete, and the process
ends, as schematically illustrated by 550 of FIG. 5. If not all
of'the cells of the set of cells have a threshold voltage greater
than the verify voltage corresponding to the data state to
which the cell is being programmed (e.g., V,<PV2 for at
least one of the cells being programmed to data state 00
and/or V,<PV3 for at least one of the cells being pro-
grammed to data state 10), then the process returns to step
418, and the programming voltage is shot again. In some
embodiments, the programming voltage is shot for all of the
cells of the set of uninhibited cells. In other embodiments,
the programming voltage is only shot for cells with thresh-
old voltages below the verify voltage corresponding to the
data state to which the cell is being programmed.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the
art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that
the inventions are not to be limited to the specific embodi-
ments disclosed and that modifications and other embodi-
ments are intended to be included within the scope of the
appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only
and not for purposes of limitation.

That which is claimed:

1. A method for reducing bit line interference when
programming a non-volatile memory device, the method
comprising:

providing the non-volatile memory device comprising a

set of cells, each cell of the set of cells associated with
a bit line;

shooting a first shot of programming voltage across each

cell of the set of cells;

detecting a threshold voltage for each cell;

identifying a fast subset of the set of cells and a slow

subset of the set of cells based on at least the threshold
voltage for each cell; and

shooting one or more subsequent shots of the program-

ming voltage until the threshold voltage for each cell of
the set of cells is greater than a verify voltage, wherein
for each shot of the one or more subsequent shots, a fast
bit line bias is applied to the bit line associated with
each cell of the fast subset and a slow bit line bias is
applied to the bit line associated with each cell of the
slow subset.
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2. The method of claim 1 wherein the non-volatile
memory is a flash memory.

3. The method of claim 1 wherein the fast bit line bias is
greater than the slow bit line bias.

4. The method of claim 1 further comprising saving
information identifying cells associated with at least one of
the fast subset or the slow subset to cache.

5. The method of claim 1 wherein a bit line bias of 0.5V
is applied to each of the bit lines associated with a cell of the
fast subset.

6. The method of claim 1 wherein a bit line bias of 0V is
applied to each of the bit lines associated with a cell of the
slow subset.

7. The method of claim 1 further comprising dumping the
program voltage for each bit of the set of bits before or
during the shooting of the first shot of the programming
voltage.

8. The method of claim 1 further comprising identifying
a middle subset of the set of cells based at least in part on
the threshold voltage associated with each cell of the set of
cells, wherein the threshold voltage associated with a fast
cell-is greater than the threshold voltage associated with a
middle cell and the threshold voltage associated with the
middle cell is greater than the threshold voltage associated
with a slow cell, wherein the fast cell is one of the cells of
the fast subset, the middle cell is one of the cells of the
middle subset, and the slow cell is one of the cells of the
slow subset; and

wherein for each of the first shot and the one or more

subsequent shots, a fast bit line bias is applied to each
bit line associated with a cell of the fast subset, a middle
bit line bias is applied to each bit line associated with
a cell of the middle subset, and a slow bit line bias is
applied to each bit line associated with a cell of the
slow subset.

9. The method of claim 8 wherein the fast bit line bias is
greater than the middle bit line bias and the middle bit line
bias is greater than the slow bit line bias.

10. The method of claim 1 further comprising based on at
least the detected threshold voltage for each cell of the set of
cells, determining a cutoff threshold voltage such that cells
having a threshold voltage greater than the cutoff threshold
voltage are associated with the fast subset and cells having
a threshold voltage less than the cutoff threshold voltage are
associated with the slow subset.

11. A non-volatile memory device with reduced bit line
interference, the non-volatile memory device comprising:

a plurality of memory cells; and

a chip controller, the chip controller configured to pro-

gram a set of cells of the plurality of memory cells by:

shooting a programming voltage across each program-
ming cell, wherein a programming cell is a cell of the
set of cells;

detecting a threshold voltage for each programming
cell;

identifying a fast subset of the set of cells and a slow
subset of the set of cells based on at least the detected
threshold voltage for each programming cell; and

shooting one or more shots of the programming voltage
until the threshold voltage for each programming cell

10

of the set of cells is greater than a verify voltage,
wherein for each of the one or more shots, a fast bit
line bias is applied to the bit line associated with each
cell of the fast subset and a slow bit line bias is

5 applied to the bit line associated with each cell of the

slow subset.

12. The non-volatile memory device of claim 11 wherein
the fast bit line bias is greater than the slow bit line bias.

13. The non-volatile memory device of claim 11 wherein

10 the non-volatile memory device is a flash memory device.

14. A method for reducing bit line interference when
programming a non-volatile memory device comprising
multi-level cells, the method comprising:

providing the non-volatile memory device comprising a

15 set of multi-level cells, each cell of the set of multi-
level cells associated with a bit line and each cell of the
set of multi-level cells associated with a data state to
which that cell is to be programmed;

identifying any cells of the set of multi-level cells having

20 a threshold voltage greater than a verify voltage cor-
responding to a data state associated with that cell and
creating a set of uninhibited cells by inhibiting a
programming of cells identified as having a threshold
voltage greater than the verify voltage corresponding to

25 the data state associated with that cell;

shooting a first shot of programming voltage across each

cell of the set of uninhibited cells;

detecting a threshold voltage for each cell of the set of

uninhibited cells;

30  identifying a fast subset of the set of uninhibited cells and
a slow subset of the set of uninhibited cells based on at
least the detected threshold voltage for each cell,
wherein the fast subset comprises one or more fast cells
and the slow subset comprises one or more slow cells;

35 and

shooting one or more subsequent shots of the program-

ming voltage until the threshold voltage for each cell of
the set of uninhibited cells is greater than a verify
voltage corresponding to the data state associated with

40 the cell, wherein for each of the one or more subsequent
shots, a fast bit line bias is applied to each bit line
associated with a fast cell and a slow bit line bias is
applied to each bit line associated with a slow cell.

15. The method of claim 14 wherein a first verify voltage

45 corresponds to a data state of 00 and a second verify voltage

corresponds to a data state of 10.

16. The method of claim 14 wherein the fast bit line bias
is greater than the slow bit line bias.

17. The method of claim 14 further comprising saving

50 information identifying cells associated with at least one of

the fast subset or the slow subset to cache.

18. The method of claim 14 wherein a bit line bias of 0.5V
is applied to each bit line associated with a fast cell.

19. The method of claim 14 wherein a bit line bias of 0V

55 1s applied to each bit line associated with a slow cell.

20. The method of claim 14 further comprising dumping
the program voltage for each cell of the set of uninhibited
cells before or during the shooting of the first shot of the
programming voltage.
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